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T
h
e
S
ta
nd
a
rd
B
ig
B
a
ng

W
h
at
it
is:

T
heory
that
the
universe
as
w
e
know
it
b
egan
13-15
billion
years

ago.
(L
atest
estim
ate:
13
:7
�

0
:2
billion
years!)

Initial
state
w
as
a
hot,
dense,
uniform
soup
of
particles
that
�
lled

space
uniform
ly,
and
w
as
expanding
rapidly.

W
h
at
it
d
escrib
es:

H
ow
the
early
universe
expanded
and
co
oled

H
ow
the
light
chem
ical
elem
ents
form
ed

H
ow
the
m
atter
congealed
to
form
stars,
galaxies,
and
clusters
of

galaxies

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
t
ts
In
s
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o
f
T
e
c
h
n
o
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g
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B
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k
h
a
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e
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N
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L
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b
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W
h
a
t
it
d
oe
sn't
d
e
scrib
e
:

W
h
at
cau
sed
th
e
exp
an
sio
n
?
(T
h
e
b
ig
b
an
g
theory
describ
es
only

th
e
a
ft
e
r
m

a
t
h

o
f
th
e
b
an
g
.)

W
h
ere
d
id
th
e
m
atter
co
m
e
fro
m
?
(T
h
e
th
eory
assum
es
that
a
ll

m

a
t
t
e
r
existed
fro
m
th
e
very
b
eg
in
n
in
g
.)

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
t
o
ry
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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C
o
sm
ic
I
nfla
tio
n

In

ation
is
a
m
o
di�
cation
of
the
standard
big
bang
theory,

providing
a
very
brief
\prequel".

In

ation
can
explain
the
bang
of
the
big
bang
(i.e,
the
outw
ard

propulsion),
in
term
s
of

M
iracle
of
Ph
ysics
#
1
:

G
ravitational
R
epulsion!

T
he
com
bination
of
generalrelativity
and
m
o
dern
particle
theories

predicts
that,
at
very
high
energies,
there
exists
form
s
of
m
atter

that
create
a
gravitational
repulsion!

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
t
ts
In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
to
r
y
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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In


atio
n
pro
p
o
ses
th
at
a
p
atch
o
frep
u
lsive
g
ravity
m
aterialexisted

in
th
e
early
u
n
iverse
|

for
in


atio
n
at
th
e
grand
uni�
ed
theory

scale
(
�

1
0
1
6

G
eV
),
th
e
p
atch
need
s
to
b
e
o
nly
as
large
as
1
0
�

2
8

cm
.
(S
in
ce
an
y
su
ch
p
atch
is
en
larg
ed
fan
tastically
by
in

ation,

th
e
in
itial
den
sity
or
pro
b
ab
ility
o
f
su
ch
p
atches
can
b
e
very
low
.)

1
0
1
6

=
1
fo
llow
ed
by
1
6
0
's.

1
G
eV
�

m
ass
en
erg
y
o
f
a
pro
to
n
.

1
0
�

2
8

=
D
ecim
al
p
oin
t
fo
llow
ed
by
2
7
0's,
and
a
1.

T
h
e
g
ravitatio
n
al
rep
u
lsio
n
created
by
th
is
m
aterial
w
as
the

d
rivin
g
force
b
eh
in
d
th
e
b
ig
b
an
g
.
T
h
e
repulsion
drove
it
into

exp
on
en
tial
exp
an
sio
n
,
d
o
u
b
lin
g
in
size
every
10
�

3
7

second
or
so!

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
t
o
ry
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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T
he
patch
expanded
exp
onentially
by
a
factor
of
at
least
10
2
8

(
�

100
doublings),
but
it
could
have
expanded
m
uch
m
ore.

In

ation
lasted
m
ayb
e
10
�

3
5

second,
and
at
the
end,
the
region

destined
to
b
ecom
e
the
presently
observed
universe
w
as
ab
out
the

size
of
a
m
arble.

T
he
repulsive-gravity
m
aterial
is
unstable,
so
it
decayed
like

a
radioactive
su
bstance,
ending
in

ation.
T
he
decay
released

energy
w
hich
pro
duced
ordinary
particles,
form
ing
a
hot,
dense

\prim
ordial
soup."
S
tandard
cosm
ology
b
egan.

C
aveat:
T
he
decay
happ
ens
in
m
ost
places,
but
not
everyw
here

|

w
e
w
ill
com
e
back
to
this
S
U
B
T
L
E
p
oint.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
t
ts
In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
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N
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v
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b
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6
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2
0
0
8
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T
h
e
den
sity
o
f
th
e
rep
u
lsive
g
ravity
m
aterial
w
as
n
o
t
lo
w
e
r
e
d

as

it
exp
an
d
ed
!

A
lth
o
u
g
h
m
ore
and
m
ore
m
ass/energy
app
eared
as
the
repulsive-

g
ravity
m
aterial
exp
an
d
ed
,
to
tal
en
erg
y
w
as
conserved!

M
ira
cle
of
Ph
y
sics
#
2
:

T
h
e
en
erg
y
o
f
a
gravitatio
n
al
�
eld
is
negative!

T
h
e
p
o
sitive
en
erg
y
o
f
th
e
rep
u
lsive
g
ravity
m
aterialw
as
com
p
en-

sated
by
th
e
n
eg
ative
en
erg
y
o
f
g
ravity.
T
he
T
O
T
A
L
E
N
E
R
G
Y

o
f
th
e
un
iverse
m
ay
very
w
ell
b
e
zero
.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
t
o
ry
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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E
vid
e
nce
fo
r
I
nfla
tio
n

1
)
Large
scale
uniform
ity.

T
he
cosm
ic
background
radiation
is

uniform
in
tem
p
erature
to
one
part
in
100,000.
It
w
as
released

w
hen
the
universe
w
as
ab
out
400,000
years
old.
In
standard
cos-

m
ology
w
ithout
in

ation,
a
m
echanism
to
establish
this
uniform
ity

w
ould
need
to
transm
it
energy
and
inform
ation
at
ab
out
100
tim
es

the
sp
eed
of
light.

Inflationary
S
olution:

In
in

ationary
m
o
dels,
the
universe

b
egins
so
sm
all
that
uniform
ity
is
easily
established
|

just
like

the
air
in
the
lecture
hall
spreading
to
�
ll
it
uniform
ly.
T
hen

in

ation
stretches
the
region
to
b
e
large
enough
to
include
the

visible
universe.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
t
ts
In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
to
r
y
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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2
)
S
m
a
ll
sca
le
nonuniform
ity
:
C
an
b
e
m
easured
in
the
cosm
ic

b
ackg
ro
u
n
d
rad
iatio
n
.
T
h
e
in
ten
sity
is
alm
o
st
uniform
across
the

sky,
b
u
t
th
ere
are
sm
all
rip
p
les.
A
lth
o
u
g
h
these
ripples
are
only

at
th
e
level
o
f
1
p
art
in
1
0
0
,0
0
0
,
th
ese
n
o
nuniform
ities
are
now

d
etectab
le!
W
h
ere
do
th
ey
co
m
e
fro
m
?

I
nfla
tiona
ry
S
olution:

In


atio
n
attrib
u
tes
these
ripples
to

q
u
a
n
tu
m


u
ctu
a
tio
n
s.
In


atio
n
m
akes
pred
ictions
for
the
pattern

o
f
th
e
rip
p
les,
an
d
th
e
p
attern
m
easu
red
so
far
agree
b
eautifully

w
ith
in


atio
n
.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
t
o
ry
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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C
M
B
:

C
o
m
p
a
riso
n

o
f
T
h
e
o
ry

a
nd

E
x
p
e
rim
e
nt

G
rap
h
b
y
M
ax
T
eg
m
ark
,

for
A
.
G
u
th
&
D
.
K
aiser,

S
c
ie
n
c
e
3
0
7
,
8
8
4

(F
eb
1
1
,
2
0
0
5
),
u
p
d
ated

to
in
clu
d
e
W
M
A
P

3
-year
d
ata.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
t
o
ry
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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C
M
B
:

C
o
m
p
a
riso
n

o
f
T
h
e
o
ry

a
nd

E
x
p
e
rim
e
nt

G
rap
h
b
y
M
ax
T
eg
m
ark
,

fo
r
A
.
G
u
th
&
D
.
K
aiser,

S
c
ie
n
c
e
3
0
7
,
8
8
4

(F
eb
1
1
,
2
0
0
5
),
u
p
d
ated

to
in
clu
d
e
W
M
A
P

3
-year
d
a
ta.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
t
ts
In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
to
r
y
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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W
M
A
P
5
-
Y
E
A
R
F
L
U
C
T
U
A
T
I
O
N
S
P
E
C
T
R
U
M

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
t
o
ry
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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2
0
0
8
A
C
B
A
R
,
W
M
A
P
3
y
r,
B
O
O
M
E
R
A
N
G
'0
3

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
t
ts
In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
to
r
y
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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D
A
R
K
E
N
E
R
G
Y

K
e
y
M
y
ste
ry
o
f
th
e
U
nive
rse

In
1998,
astronom
ers
discovered
that
the
universe
h
as
b
een
accelerating
for
ab
out

the
last
5
billion
years
(out
of
its
14
billion
year
h
istory).

IM
P
L
IC
A
T
IO
N
:
In

ation
is
happ
ening
to
d
ay.
W
ithin
general
relativity,
this
requires

negative
pressure.
T
he
negative
pressure
m
aterial,
w
hich
apparently
�
lls
space,

is
called
the
\
D
a
r
k
E
n
e
r
g
y
."

S
IM
P
L
E
S
T

E
X
P
L
A
N
A
T
IO
N
:
D
ark
energy
=

vacuum

energy,
also
know
n
as
a

cosm
ological
constant.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
t
o
ry
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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T
h
e
N
I
G
H
T
M
A
R
E
o
f
D
A
R
K
E
N
E
R
G
Y

T
he
quantum
vacuum
is
far
from
em
pty,
so
a
nonzero
energy
density
is
no

problem
.

In
quantum
�
eld
theory,
the
en
ergy
density
of
quantum


u
ctu
ations
diverges.

A
plausible
cuto�
for
the


uctuation
s
is
the
P
lanck
scale,
E
p

�

1
0
1
9

G
eV
,
the

scale
of
quantum
gravity.

U
sing
this
cuto�
,
the
estim
ated
vacuum
energy
density
is
to
o
large

It
is
too
large
b
y
1
2
0
ord
ers
of
m
agnitud
e!

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
t
ts
In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
ra
to
r
y
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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U
nive
rse
to
M
ultive
rse

T
h
e
repulsive
g
ravity
m
aterial
that
d
rives
the
in

ation
is

m
etastab
le.
In
an
y
o
n
e
lo
catio
n
,
th
e
pro
bability
o
f
rem
aining

in
an
in


atin
g
state
d
ecreases
w
ith
tim
e
|

usually
exp
onentially.

B
U
T
,
th
e
u
n
iverse
in
th
e
m
ean
tim
e
is
exp
anding
exp
onentially.

In
an
y
su
ccessfu
l
versio
n
o
f
in


atio
n
,
th
e
exp
onential
expansion

is
faster
th
an
th
e
exp
o
n
en
tial
d
ecay!
T
h
erefore,

T
h
e
vo
lu
m
e
th
at
is
in


atin
g
in
creases
w
ith
tim
e,

even
th
o
u
g
h
th
e
in


atin
g
m
aterial
is
decaying!

T
h
e
in


atio
n
b
eco
m
es
etern
al
|

o
n
ce
it
starts,
it
never
stops.

T
he
in

ating
region
never
disapp
ears,
b
u
t
pieces
of
it
undergo

d
ecay
and
pro
d
u
ce
\pocke
t
unive
rse
s,"
ad
in�
nitum
.

In
stead
o
f
o
n
e
u
n
iverse,
in


atio
n
pro
d
u
ces
an
in�
nite
num
b
er
|

A
M
ultive
rse

{16{

T
H
E
L
A
N
D
S
C
A
P
E
O
F
S
T
R
I
N
G
T
H
E
O
R
Y

S
ince
the
inception
of
string
theory,
theorists
have
sought
to
�
nd

the
vacuum
of
string
theory
|

w
ith
no
success.

W
ithin
the
past
10
years
or
so,
m
ost
string
theorists
have
com
e

to
the
b
elief
that
there
is
no
unique
vacuum
.

Instead,
there
are
m
ayb
e
10
5
0
0

long-lived
m
etastable
states,
any

of
w
hich
could
serve
as
a
substrate
for
a
p
o
cket
universe.
T
his
is

the
landscap
e!

E
ternal
in

ation
can
presum
ably
pro
duce
an
in�
nite
num
b
er
of

p
o
cket
universes
of
every
typ
e,
p
opulating
the
landscap
e.

A
lthough
string
theory
w
ould
govern
everyw
here,
each
typ
e

of
vacuum

w
ould
have
its
ow
n
low
-energy
physics
|

its
ow
n

\standard
m
o
del,"
its
ow
n
\constants"
of
nature,
etc.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
t
ts
In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
tio
n
a
l
L
a
b
o
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to
r
y
,
N
o
v
e
m
b
e
r
6
,
2
0
0
8
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E
nviro
nm
e
nta
l
S
e
le
ctio
n

A
K
A
:
T
h
e
A
nth
ro
p
ic
P
rincip
le

C
o
n
sid
er,
as
an
exam
p
le,
th
e
lo
cal
d
en
sity
of
m
atter
in
w
hich

w
e
�
n
d
o
u
rselves
|

it
is
ab
o
u
t
1
0
3
0

tim
es
larger
than
the
m
ean

d
en
sity
o
f
th
e
u
n
iverse.

W
h
y
is
th
is
so
?
C
h
an
ce?
L
u
ck?
D
ivin
e
P
ro
vidence?

M
o
st
o
f
u
s
w
o
u
ld
presu
m
ab
ly
accep
t
th
is
as
a
selection
e�
ect:
life

can
evo
lve
o
n
ly
in
th
o
se
rare
reg
io
n
s
o
f
th
e
universe
w
here
the

d
en
sity
o
f
m
atter
is
u
n
u
su
ally
h
ig
h
.

A
la
n
G
u
th

M
a
s
s
a
c
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A
s
early
as
1987,
S
teve
W
einb
erg
p
ointed
out
that
the
cosm
olog-

ical
constant
m
ight
b
e
explained
in
the
sam
e
w
ay.

M
ayb
e
the
cosm
ological
constant
I
S

huge
in
m
ost
p
o
cket

universes.
N
onetheless,
w
e
m
ust
rem
em
b
er
that
a
cosm
ological

constant
causes
the
expansion
of
the
universe
to
accelerate.
If

negative,
the
universe
quickly
collapses.
If
large
and
p
ositive,

the
universe


ies
apart
b
efore
galaxies
can
form
.
It
is
plausible,

therefore,
that
life
can
arise
only
if
the
cosm
ological
constant
is

very
near
zero.

In
1998
M
artel,
S
hapiro,
and
W
einb
erg
m
ade
a
serious
calculation

of
the
e�
ect
of
the
cosm
ological
constant
on
galaxy
form
ation.

T
hey
found
that
to
w
ithin
a
factor
of
order
5,they
could
\explain"

w
hy
the
cosm
olo
gicalconstant
is
as
sm
all
as
w
hat
w
e
m
easure.

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
t
ts
In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n

N
a
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n
a
l
L
a
b
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b
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A
lan
G
uth,
In


a
tio
n
ary
C
o
sm
o
lo
g
y:
Is
O
u
r
U
n
iverse
P
art
o
f
a
M
u
ltiverse?
,
B
S
A
D
istinguish
ed
L
ecture,
B
ro
okhaven
N
ational
L
ab
oratory,
N
ovem
b
er
6,
2008,
p.
6.

T
h
e
C
o
ntro
ve
rsy

A
n
u
m
b
er
o
f
p
h
ysicists
reg
ard
th
ese
an
thropic
argum
ents
as

rid
icu
lo
u
s.

M
y
reco
m
m
en
d
atio
n
is
th
at
th
e
an
th
ro
p
ic
explanation
(for
any-

th
in
g
)
sh
o
u
ld
b
e
co
n
sid
ered
th
e
exp
lan
atio
n
of
last
resort.

U
n
til
w
e
actu
ally
u
n
d
erstan
d
th
e
lan
d
scap
e,
and
the
initiation

o
f
life,
w
e
can
o
n
ly
g
ive
p
lau
sib
ility
arg
um
ents
for
anthropic

exp
lan
atio
n
s.

H
en
ce,
th
e
an
th
ro
p
ic
arg
u
m
en
ts
o
n
ly
b
ecom
e
attactive
w
hen

th
e
search
for
m
ore
d
eterm
in
istic
exp
lanations
has
failed,
as

so
far
is
th
e
case
for
th
e
co
sm
o
lo
g
ical
constant.
(A
nthropic

exp
lan
atio
n
s
are
also
d
iscu
ssed
for
m
any
other
quantities,

in
clu
d
in
g
th
e
H
ig
g
s
m
ass,
th
e
to
p
q
u
ark
m
ass,
the
m
agnitude

o
f
d
en
sity
p
ertu
rb
atio
n
s.)
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I
s
I
t
T
im
e
to
A
cce
p
t

T
h
e
E
x
p
la
na
tio
n
o
f
L
a
st
R
e
so
rt?

Y
ou're
guess
is
as
good
as
m
ine!

F
or
the
cosm
olog
icalconstant,
b
ecause
it
seem
s
so
hard
to
explain

any
other
w
ay,
it
seem
s
like
it
is
tim
e
to
strongly
consider
the

selection-e�
ect
explanation.

It
is
even
hard
to
deny
that,
as
of
now
,
the
selection-e�
ect

explanation
is
by
far
the
m
ost
plausible
that
is
know
n.

A
la
n
G
u
th

M
a
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c
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T
h
e
D
isa
p
p
o
intm
e
nt

In
earlier
years,
th
ere
w
as
a
w
id
espread
h
o
p
e
that
eventually
string

th
eory
w
o
u
ld
b
e
ab
le
to
pred
ict
th
e
p
aram
eters
of
the
standard

m
o
d
el.
F
ro
m
th
e
p
o
in
t
o
f
view
o
f
th
eorists,
this
w
ould
b
e
great.

If
th
e
lan
d
scap
e
p
ictu
re
is
correct,
it
co
u
ld
b
e
that
allthese
values

are
d
eterm
in
ed
,
at
least
in
p
art,
by
h
istorical
accidents
|

w
hich

m
ean
s
th
at
w
e
h
ave
m
u
ch
less
pred
ictive
p
ow
er
than
w
e
hop
ed.

T
h
is
is
n
o
t
th
e
�
rst
tim
e
so
m
eth
in
g
like
this
has
happ
ened.

K
ep
p
ler
th
o
u
g
h
t
th
e
rad
ii
o
f
p
lan
etary
orb
its
should
b
e
calculable

fro
m

g
eo
m
etry.

N
ow
w
e
treat
planetary
orbits
as
historical

accid
en
ts.

A
la
n
G
u
th

M
a
s
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h
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s
e
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titu
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f
T
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c
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S
U
M
M
A
R
Y

T
he
in

ationary
parad
igm
is
in
g
reat
shap
e!

In

ation
can
explain
w
hy
the
universe
is
so
sm
o
oth
and
hom
og
enous
w
h
en

averaged
over
large
regio
ns,
and
it
can
also
explain
the
ripples
that
w
e
see
in

the
cosm
ic
background
radiation
.

A
lm
ost
all
in

ationary
m
o
dels
are
eternal
into
the
future:
they
pro
d
uce
a

m
ultiverse
of
p
o
cket
un
iverses.

S
tring
theorists
m
ostly
agree
that
strin
g
theory
has
n
o
unique
vacuum
,
but

instead
a
landscap
e
o
f
p
erhaps
10
5
0
0

long-lived
m
etastable
states,
any
of
w
hich

could
b
e
our
vacuum
.

E
ternal
in

ation
can
p
op
ulate
the
string
theory
landscap
e.
T
he
com
bination

provides
a
natural
setting
for
an
thropic
argum
ents:
p
erh
ap
s
w
e
see
a
sm
all

cosm
ological
constant,
for
exam
ple,
b
ecau
se
conscio
us
b
ein
gs
only
form
in

those
parts
of
the
m
u
ltiverse
w
here
the
co
sm
o
logical
constant
is
sm
all.

A
la
n
G
u
th

M
a
s
s
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c
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s
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In
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T
e
c
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b
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B
S
A
D
istinguish
ed
L
ecture,
B
ro
okhaven
N
ational
L
ab
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N
ovem
b
er
6,
2008,
p.
7.

B
o
t
t
o
m

L
in
e
:

W
e
h
ave
never
had
a
m
o
del
of
the
universe
that
w
orks
so
w
ell

(h
o
m
o
g
eneity,m
ass
density,
sp
ectrum
of
density


uctuations),
or
that

is
so
m
ysterious.

D
a
r
k
E
n
e
r
g
y

A
la
n
G
u
th

M
a
s
s
a
c
h
u
s
e
tts

In
s
titu
te
o
f
T
e
c
h
n
o
lo
g
y

B
ro
o
k
h
a
v
e
n
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